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Introduction
RNA extraction from specific plant organs and tissues is a preliminary step for many molecular studies in plant biology. However, isolation of high-quality RNA from some tis sues is often difficult due to the high amounts of polyphenols, polysaccharides and other secondary metabolites they accu mulate. These contaminants tend to co-puri fy and co-precipitate with the RNA in the presence of alcohols, thereby remaining in the final extracts and interfering with such downstream applications as cDNA synthesis, restriction endonuclease enzyme digestion and the establishment of cDNA libraries (Salzman et al. 1999 ). These problems often occur during RNA extraction from recalcit rant plants and, especially, from reserve-rich organs like fruits and seeds. In addition, the biosynthesis and accumulation of secondary metabolites in plants under biotic and abiotic stress, such as pathogen infection and drought, can be significantly enhanced (Winkel-Shirley 2002 , Chaves et al. 2003 . While kits supplied by biotechnology com panies extract RNA successfully from many tissues, they proved ineffective on tissues rich in polyphenols or polysaccharides (Kiefer et al. 2000) .
Several protocols for RNA isolation from tissues of species with high contents of poly phenols or polysaccharides have been repor ted, including methods using soluble polyvinylpyrrolidone and ethanol precipita tion (Salzman et al. 1999) , hot borate (Wan & Wilkins 1994) , phenol extraction (Kom janc et al. 1999) , calcium precipitation (Dal Cin et al. 2005) , 2-butoxyethanol (Malnoy et al. 2001 , Manning 1991 or cetyl trimethyl ammonium bromide (CTAB) in the extrac tion buffer (Meisel et al. 2005) . We tested four of these protocols (Komjanc et al. 1999 , Malnoy et al. 2001 , Manning 1991 , Meisel et al. 2005 and two commercially available RNA extraction kits to secure high-quality RNA in good amounts from an extremely re calcitrant plant such as strawberry tree (Ar butus unedo); the overall results proved un satisfactory for all the methods, although the one described by Meisel et al. gave better results in terms of RNA purity compared with the others. We thus developed and tested a modified protocol that, through a simple optimization of some critical steps, allowed to achieve a great improvement in both RNA yield and purity when extracting from strawberry tree leaves. The effective ness and versatility of this method was sub sequently tested on different tissues (styles, fruit peel, fruit flesh, roots, leaves and seeds) from Pyrus communis, Prunus avium, Prun us persica and Cydonia oblonga, yielding in all cases adequate RNA amounts with a good purity grade.
Materials and Methods

Plant material
All plant materials used for RNA extrac tion were grown in the experimental fields of the Department of Fruit Tree and Woody Plant Sciences (Cadriano, Bologna, Italy). The tissues were completely differentiated and healthy. Pear tree styles were harvested immediately before bloom and fruit peel col lected in the course of ripening. Year-old leaves were gathered from strawberry trees (evergreen) and the finest roots were collec ted from quince tree. Cherries were pro cessed when commercially ripe for both seeds and fruit flesh, and adult leaves were collected from Peach.
Solutions
All solutions and reagents were prepared in diethylpyrocarbonate (DEPC)-treated water (Sambrook et al. 1989 ) and autoclaved. TrisHCl (pH 8.0) was added to the appropriate solutions after autoclaving.
• Extraction buffer: 2% (w/v) CTAB, 2%
(w/v) PVP (mol wt 40.000), 100 mM TrisHCl (pH 8.0), 25 mM EDTA, 2 M NaCl, 0.05% spermidine trihydrochloride (w/v), 2% ß-mercaptoethanol (added just before use). 
RNA extraction protocol
Extraction buffer (1 ml per 100 mg of Ar butus unedo leaves; see Tab. 2 for quantities used when extracting from other tissues) was pre-heated to 65°C in a water bath. Leaves were ground in liquid nitrogen by pestle and mortar and the frozen powder quickly trans ferred to the extraction buffer. The sample was mixed thoroughly and incubated at 65 °C for 15 min, during the incubation the tube was vortexed 8-10 times to prevent the sep aration of tissue debris from extraction buf fer.
An equal volume of chloroform:isoamyl al cohol (24:1 v:v) was added, the sample was vigorously vortexed and then centrifuged (15 min at 13000 g). The supernatant was trans ferred to a new tube and the extraction with chloroform:isoamylalcohol (24:1 v:v) re peated.
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Keywords: Arbutus unedo, RNA extraction, Roots, Styles, Woody plants, Fruits phase and one-third volumes of 8 M LiCl was added. The sample was mixed thor oughly by inverting the tube and incubated overnight at 0 °C (in ice). RNA was pelleted by centrifuging the sample at 15500 g for 35 min and resuspen ded in 500 μl of resuspension buffer. Samples were re-extracted with an equal volume of chloroform:isoamyl alcohol (24:1 v:v) to reduce residual contaminants; after centrifugation for 10 min at 15000 g the aqueous phase was recovered.
Two volumes of ice-cold 100% ethanol were added and RNA was precipitated at -80 ºC for 30 min. The sample was centrifuged at 17000 g for 20 min and the supernatant was removed. The pellet was air-dried at room temperature and then resuspended in 20-100 μl of DEPC-treated water.
Measurement of RNA yield and purity and downstream application
To prevent inaccurate quantification, the RNA pellet was slowly re-hydrated for 10 minutes on ice and mixed by inversion. The RNA yield was measured with a ND-1000 spectrophotometer (NanoDrop, Wilmington, Delaware USA) and the 260/280 and 260/230 absorption ratios were verified as quality indexes. The RNA was examined by electrophoresis on 1% agarose/TAE gels.
Total extracted RNA was treated with Turbo DNA-free (Ambion, Austin, USA) following the user's manual and then a con trol PCR was carried out with 0.2 μg of total RNA in absence of reverse transcription in order to check for chromosomal DNA con tamination. Samples that gave any amplifica tion were purified a second time with DNase. Thereafter, 3 μg of pure RNA were used with M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, USA) and Oligo-(dT)20 or random primers for first strand cDNA synthesis following manufacturer's instruction.
The first-strand cDNA obtained and the primers for 18S region (Forward: 5'-ACG GATCGCACGGCCTTCGTG-3' and re verse; 5'-ACCAGACTTGCCCTCCAAT GG-3') were used to check the quality of the retrotranscription through PCR. The reaction was carried out in a MJ thermocycler using 20 μl of Platinum Blue PCR SuperMix (In vitrogen), 1 μl of reverse transcriptase mix and primers to a final concentration of 200 nM. Cycles were programmed as follows: one initial denaturing cycle at 94 °C for 3 min, followed by 30 cycles of 30 s of dena turing at 94 °C, 30 s of annealing at 55 °C, and 1 min elongation at 72 °C. The products were then loaded on agarose gel to verify amplification. Once verified, cDNA was used in a real time-PCR to quantify gene ex pression.
Results and Discussion
For successful isolation of pure, intact total RNA from Arbutus unedo, which is rich in polysaccharides compounds, it is important to prevent binding of these contaminants to nucleic acids. The success of an RNA isola tion procedure thus depends on the quantity, quality and integrity of the recovered RNA (Suzuki et al. 2003) . Four standard and im proved methods for RNA isolation (Komjanc et al. 1999 , Malnoy et al. 2001 , Manning 1991 , Meisel et al. 2005 ) and two commer cially available RNA extraction kits (RNeasy Plant MiniKit TM , Quiagen; SV Total RNA Isolation System TM , Promega), were applied to Arbutus unedo leaves. While the two kits recovered no RNA (Tab. 1), a sufficient amount of RNA was obtained with the others (Komjanc et al. 1999 , Malnoy et al. 2001 , Manning 1991 ), but the purity was so low to make reverse transcription and successive gene expression analysis by real-time PCR impossible (Tab. 1).
Even the protocol reported by Meisel et al. (2005) proved inadequate. Although it ex tracted good quality RNA probably thanks to the CTAB in the extraction buffer, which dampens polysaccharide noise (Fang et al. 1992) , its yield was very poor, thereby pre cluding single-leaf gene expression analysis (Tab. 1). Accordingly, we modified Meisel's protocol to improve RNA yield without los ing the high quality of the extract. In fact, a technique improvement was essential to fur ther molecular studies of a plant like straw berry tree.
Several critical steps that could affect the extraction yield and quality have been identi fied in the Meisel's protocol when applied to strawberry tree leaves. The ratio of sample fresh weight to extraction buffer, in particu lar, seems to play a crucial role. The first 1.6 ± 0.1 1.9 ± 0.1 Method described in this study I D 18 ± 4 1.5 ± 0.1 1.9 ± 0.1 Method described in this study II E 22 ± 2 1.86 ± 0.04 2.02 ± 0.01
Total RNA extraction from strawberry tree (Arbutus unedo) and several other woody-plants yield improvement, which was from 3 to 18 μg RNA/g FW (see Tab. 1, "method de scribed in this study I") was in fact achieved decreasing the quantity of starting fresh tis sue from 2.5 g to 1 g per 1ml of extraction buffer, and raising the centrifuge speed to ensure a better separation of debris from the aqueous, RNA-containing phase. Subsequently, a further optimization of ex traction was obtained by further reducing the sample fresh weight to the final value of 100 mg per 1 ml extraction buffer. Moreover, the lithium chloride (LiCl) precipitation step was carried out in ice instead of at 4°C; this seemed to assure a better precipitation effi ciency and RNA integrity preservation. These changes resulted both in a better yield (up to 21 μg RNA/gFW) and RNA purity, determined by A260/280 and A260/230 ab sorption ratios (see Tab. 1, "method de scribed in this study II"; the complete pro tocol is described in the "Materials and methods" section). The RNA resulted intact after agarose gel electrophoresis (Fig. 1) and suitable for reverse transcription (Fig. 2) and real time-PCR.
As noted above, plant tissues ranging from roots to fruit flesh of various woody species were then tested for the quality and yield of the RNA extracted. Although our protocol was originally developed for the particularly difficult plant tissues of Arbutus unedo leaves, it proved notably versatile for other species and tissues, resulting in high-quality RNA in all cases (see Fig. 1 and Tab. 2). As mentioned above, the weight of starting fresh material per ml of extraction buffer is a crit ical parameter that had to be adjusted in or der to succeed in extracting RNA from strawberry tree leaves. However, when ex tracting from the other tested species and tis sues, the method proved to be effective with a wide range of starting material amounts, giving good results from as little as 20 mg of pear styles, and from 1 g of pear fruit peel or sweet cherry fruit flesh.
Conclusions
The small but significant changes we made to Meisel's protocol (Meisel et al. 2005) made possible to obtain a pure RNA extract from strawberry tree leaves while, to our knowledge, no other studies report RNA ex traction from this plant. The development described improved extraction yield and pur ity while cutting extraction time.
Compared to other protocols developed for RNA extraction from recalcitrant species and/or tissues (Li & Gray 1997 , Sanchez & Mariani 2002 , Fils-Lycaon et al. 1996 , MacLean et al. 1996 , Birtic & Kranner 2006 , De Keukeleire et al. 2006 , Le Provost et al. 2007 , Fort et al. 2008 , Wang et al. 2008 , the presented method combines the advantages of being phenol-free, easily applicable to a wide range of tissues and not requiring ex pensive commercial kits. Moreover, the varying amounts of starting material needed for different tissues (from 20 mg of styles to 1 g of fruit flesh or peel) enabled testing of the protocol's scalability. Indeed, requiring only minor adjustments in labware and grinding because of material variability, our method also proved to be notably versatile and of good scalability, making it possibly the "preferred choice" for not expensive plant RNA extraction.
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Tab. 2 -Yield and purity of RNA extracted from different tissues. RNA extraction efficiency of the described protocol with tissues of several plant species. The weights of fresh tissue used for the extraction were around 20 mg for styles, 1 g for fruit peels and for fruit flesh, 500 mg for roots and for leaves and 50 mg for seeds. (a) Data represent mean and SE of 21 biological replicates; (b) Data represent mean and SE of 8 biological replicates; (c) Data rep resent mean and SE of 3 biological replicates. 
Species
